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http:WHAT THIS PAPER ADDS
A small series of patients who presented with acute cerebral ischaemic attacks had intravenous thrombolysis
(IVT) followed up within 2 weeks after their ﬁrst symptoms by carotid endarterectomy (CEA) for >50% stenosis.
Our results suggest that following established guidelines, IVT followed by CEA seems safe. However, other
vascular centres should validate their practice.Objectives: Intravenous thrombolysis (IVT) has proven effective in the treatment of acute cerebral ischaemic
attack in selected cases. In the presence of a carotid artery stenosis, such patients may be candidates for carotid
endarterectomy (CEA). Few studies have been made on the safety of CEA performed after IVT.
Design: This was a retrospective study. Data including 30 days’ follow-up were obtained from medical records
and from a vascular registry.
Materials: A consecutive series of 306 patients were operated on for symptomatic carotid artery stenosis during
a 5-year period. Among these, 22 (7%) patients had been treated with IVT for an acute cerebral ischaemic attack
prior to CEA and 284 (93%) patients had CEA only.
Methods: IVT as well as CEA was performed following established guidelines. CEA was performed in median 11
days (25 and 75% percentiles: 7e13 days) after the neurological index event in patients having undergone IVT
and 12 days (25 and 75% percentiles: 8e21 days) in patients undergoing CEA only.
Results: The 30 days’ stroke and death rate was 0% (95% conﬁdence interval (CI): 0e15%) in patients who had
IVT before CEA and 2.4% (95% CI: 0.9e4.7%) in patients who underwent CEA only.
Conclusion: Our experience indicates that CEA performed after IVT for acute cerebral ischaemic attack is safe,
conﬁrming existing but sparse publications. However, our series is small and our study possesses a number of
limitations. Thus, our results cannot necessarily be transferred to other units, who instead should perform similar
studies, preferably together.
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treatment of acute cerebral ischaemic attack in selected
cases and has become standard care in many centres
following national and international guidelines.1e3 IVT is so
far not offered any patient later than 4.5 h after the onset
of symptoms. The major complication to IVT is symptomatic
intracerebral haemorrhage, which occurs in 2e8% of
patients.2 Symptoms may very well resolve within 24 h after
onset, which by deﬁnition separates a transient ischaemic
attack (TIA) from a stroke. We have therefore used the term
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//dx.doi.org/10.1016/j.ejvs.2013.02.020Following successful IVT, such patients may be candidates
for carotid endarterectomy (CEA), unless IVT increases the
risk of complications.
In general, patients with a symptomatic 50e99% internal
carotid artery stenosis should have CEA as soon as possible
to reduce the risk of future stroke.4,5 The combined rate of
stroke and death within 30 days after CEA for symptomatic
stenosis is around 5%.6 CEA performed within the ﬁrst 14
days after the index symptom may increase the procedural
risk.7 As the risk of a recurrent ischaemic attack is highest
within the weeks following the ﬁrst attack, the sooner CEA
is performed, the higher the preventive value.8,9
Considering CEA after IVT, only smaller case series have
been published recommending that the patients are very
carefully selected and that particularly the blood pressure is
carefully monitored prior to, during and immediately after
CEA.10e12
In our region, IVT was by 2007 part of the routine
treatment in suitable cases at hospitals receiving patients
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had been established at our vascular clinic allowing us to
offer CEA within few days after referral. As we follow the
same guidelines with regard to selection and monitoring
whether the patients have had IVT or not, we wanted to
evaluate whether in our hands, recent treatment with IVT
affects the rate of complications associated with CEA.
METHODS AND PATIENTS
We reviewed a consecutive series of patients who under-
went CEA during a 5-year period from January 2007 through
December 2011 and patients who had undergone IVT
before CEA were identiﬁed. Data were collected from their
medical records and from the Danish Vascular Registry.13
Intravenous thrombolysis
Eligibility for IVT was based on The National Guidelines for
Intravenous Thrombolysis in Acute Ischemic Stroke: the
patient should present signs of acute stroke, IVT must be
started within 4.5 h after the onset of symptoms and the
patient’s previous level of function must be high. Patients
with suspected higher than normal risk of bleeding and
patients with a high and not readily reducible blood pres-
sure are excluded.3
The IVT was performed at one of two neuro-
interventional units. A dose of 0.9 mg Actilyse (alte-
plase) per kg bodyweight in saline (concentration:
1 mg ml1) was injected in a peripheral vein (10% as a bolus
during 1e2 min and the rest during the following hour). All
patients were put on anti-platelet therapy after 24 h.
According to the National Guidelines, a duplex scan of
the extracranial part of the carotid arteries was performed
within 48 h after the onset of symptoms. Trained clinical
physiologists or radiologists at the hospital housing the
neuro-interventional unit performed these scans. During
the period of our study, pre- and post-IVT perfusion
computed tomography (CT) scans were performed. Cere-
brovascular CT angiography (CTA) was not performed
routinely. Potential candidates for CEA were referred by the
neurologists at the above-mentioned hospitals to our
vascular service located in a different hospital.
Carotid endarterectomy
CEA was offered only in patients with a SYMPTOMATIC
50e99% internal carotid artery stenosis in accordance with
the national guidelines of the Danish Vascular Society14 and
the European Society for Vascular Surgery (ESVS).15 CEA
was not offered to patients who present with major
neurological deﬁcits. The CEAs were all performed by one of
four experienced vascular surgeons on the basis of duplex
scans, the latter being performed by experienced sonogra-
phers at our Department of Vascular Surgery. Here, duplex
scans have been performed for more than 20 years during
which period it has been repeatedly validated.16,17
In four patients (neither having had IVT), the duplex scan
failed to visualise the distal limit of the ICA stenosis. In
those cases, a CTA was performed. Anti-platelet therapy(dipyridamole, acetylsalicylic acid and/or clopidogrel) was
continued without interruption. Oral anticoagulants
(warfarin) were discontinued for 1e2 days prior to CEA to 1
day after CEA and replaced with low-molecular-weight
heparin (LMWH). With a few exceptions CEA was per-
formed during local anaesthesia: general anaesthesia was
used in one patient who suffered severe claustrophobia and
local anaesthesia was converted to general anaesthesia in
four patients due to uneasiness of the patient or due to
insufﬁcient local anaesthesia. In these patients, a stump
pressure in excess of 40 mmHg was regarded acceptable
leaving none of the patients in need of a shunt.
Shunt was used in 12 patients as their mental or
neurological status changed upon cross clamping. In these
patients, conventional CEA was performed. In all other
patients, the eversion technique was used. Blood pressure
was continuously monitored and lowered if exceeding
160 mmHg, preferably using labetalol. Patients were
observed in a postoperative recovery unit with intra-arterial
blood-pressure monitoring. Signs of bleeding requiring re-
operation and neurological status were monitored closely.
After 4 h, stable patients were transferred to the vascular
ward where the blood pressure was measured every hour. If
no complication was observed, patients were discharged on
the ﬁrst postoperative day.
At 30 days postoperatively, the surgeons at the outpa-
tient clinic performed a neurological examination.
A total of 306 symptomatic patients underwent CEA in
the 5-year time span. Twenty-two (7%) patients had
undergone IVT prior to CEA while 284 (93%), underwent
CEA only. Patient characteristics are listed in Table 1. Of the
22 patients who underwent IVT prior to CEA, the neuro-
logical deﬁcits had resolved in 14 patients before CEA, while
5 had minor and 3 moderate residual neurological deﬁcits.
The IVT patients were categorised according to their
neurological status just prior to CEA using the Rankin scale
(Table 1). Pre-IVT CT scan precluded intracranial haemor-
rhage in all cases. Signs of infarction were evident at the
pre-IVT CT in eight patients. At the post-IVT CT, these signs
had disappeared in three patients. Another six patients
revealed signs of ischaemic infarction at the post-IVT CT
scan.Statistics
Samples, for example timing of CEA, were characterised by
the median value and interquartile range. For proportions,
for example complication rates, we calculated 95% bino-
minal conﬁdence intervals. Proportions are compared using
the chi-squared test and p values of <0.05 were considered
signiﬁcant.
RESULTS
During the period in question 308 patients underwent CEA
for symptomatic internal carotid artery stenosis. Two
patients were lost for follow-up, leaving 306 patients under
study. Among these, 22 patients had undergone IVT for
acute cerebral ischaemic attack.
Table 1. Characteristics of 306 patients who underwent carotid endarterectomy for symptomatic stenosis (CEA) within 21 days after onset
of symptoms. Twenty-two patients were operated on after intravenous thrombolysis (IVT) while 284 had CEA without proceeding IVT (ICA:
internal carotid artery).
Number of patients having
CEA without IVT
Number of patients
having CEA after IVT
Gender Female 91 (32%) 4 (18%)
Male 193 (68%) 18 (82%)
Age (median years (range)) 70 (62e77) 71 (66e77)
Degree of stenosis of the
extracranial part of ICA
Operated ICA (n ¼ 302) 50e69% 121 (43%) 12 (55%)
70e99% 159 (57%) 10 (45%)
Contralateral ICA (n ¼ 290) <50% 173 (65%) 15 (68%)
70e99% 23 (9%) 1 (5%)
Occlusion 15 (5%) 2 (9%)
Index symptom Amaurosis fugax 33 (12%)
Transient ischaemic attack 146 (51%)
Stroke 105 (37%)
Rankina score 0 14
1 4
2 1
3 3
Days between symptom and CEA (median (interquartile range)) 12 (8e21) 11 (7e13)
a The modiﬁed Rankin scale: 0: No symptoms. 1: No signiﬁcant disability. Able to carry out all usual activities, despite some symptoms. 2:
Slight disability. Able to look after own affairs without assistance, but unable to carry out all previous activities. 3: Moderate disability.
Requires some help, but able to walk unassisted. 4: Moderately severe disability. Unable to attend to own bodily needs without assistance,
and unable to walk unassisted. 5: Severe disability. Requires constant nursing care and attention, bedridden, incontinent 6: Dead.
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died within 30 days after CEA. Five patients (1.6%) suffered
a perioperative stroke ipsilateral to the CEA, two of which
were haemorrhagic and three embolic, veriﬁed by CT scans,
and two patients suffered a fatal myocardial infarction.
None of the patients had had IVT. Thus, the combined
stroke and death rate in patients who had IVT ﬁrst was 0%
(95% conﬁdence interval (CI): 0e15%) and in those patients
who underwent CEA without preceding IVT: 2.4% (95% CI:
0.9e4.7%).
Complications in terms of cervical bleeding occurred in
two IVT patients (9% (95% CI: 1e29%)) and in 17 of the
patients having CEA only (6% (95% CI: 4e10%)) (p ¼ 0.6).
By the time of CEA, 12 of these patients received dipyr-
amidole and aspirin, 6 had clopidogrel and one had LMWH.
Among those not developing cervical bleeding, information
on anti-thrombotic treatment was available in 279 patients.
Among these, 159 received dipyramidole, 102 clopidogrel
and 18 had LMWH. Cervical bleeding as a consequence of
anti-thrombotic agents or of hypertension could not be
addressed properly as more speciﬁc data on the medication
of the patients were not available.
The median elapsed time from onset of symptoms to CEA
was 11 days (25 and 75% percentiles: 7e13 days) in
patients who had IVT before CEA versus 12 days (25 andTable 2. Stroke and death rates in series of patients undergoing carot
Number of patients Interval fro
McPherson et al. 5 <48 h
Bartoli et al. 12 8 (1e16) d
Crozier et al. 10 8 (2e23) d
Rathenborg et al. 22 10 (7e13)
Total 4975% percentiles: 8e21 days) in patients having CEA only
(p ¼ 0.15). The length of postoperative stay at the vascular
ward was 1 day (25 and 75% percentiles: 1e2 days). Seven
patients were kept in hospital for up to 4 days post-CEA to
achieve a stable blood pressure. Among these patients, two
were temporarily transferred to the intensive care unit for
continuous (intra-arterial) blood-pressure monitoring. One
of these patients had developed a haemorrhagic (ipsilateral)
stroke on the ﬁrst postoperative day.
DISCUSSION
The main ﬁnding of our study was that the 30 days’ rate of
stroke and death among patients who underwent CEA after
successful IVT was low. The combined stroke and death rate
was 0% (95% CI: 0e15%) in this subgroup, with no instances
of intracerebral haemorrhage. In patients who underwent
CEA without preceding IVT, the combined rate of stroke and
death was 2.4% (95% CI: 0.9e4.7%).
We present a series of 22 patients who during a 5-year
period underwent CEA after IVT.
The annual number of patients suffering stroke in
Denmark (5.5 million inhabitants) reaches approximately
13,000, among whom an estimated 5% presently are
supposed to beneﬁt from IVT.3 A signiﬁcant carotid artery
stenosis is found in 12e15%.18 As our catchmentid endarterectomy (CEA) after intravenous thrombolysis (IVT).
m IVT to CEA Follow up Stroke and death
5e22 months 0
ays 90 days 1 stroke (8%)
ays 6 weeks 0
days 30 days 0
30 days 1 (2%)
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estimated number of patients undergoing CEA after IVT
should reach 14e18 per year. The reason why we did only
22 during a 5-year period remains unclear: there may be
some patients who for several reasons are not being offered
IVT. Some patients are perhaps not being referred to the
vascular department after IVT. Further, surgeons may be too
restrictive in the selection of CEA candidates.
Publications hitherto have though been on even smaller
caseloads: McPherson et al. reported uncomplicated CEAs
in ﬁve patients after IVT.10 In a study on 12 patients, Bartoli
et al. reported one non-fatal haemorrhagic stroke related to
a very early CEA after IVT.11 In the most recent publication
on the subject, Crozier et al. report of 10 patients who
underwent CEA after IVT without any stroke or death.12
Including our series, a total of 49 cases have been pub-
lished for a total incidence of 30 days’ stroke and or death
of 2% (95% CI: 0e11%) (Table 2).
The most recent available report from The Danish
Vascular Registry reveals a combined 30 days’ stroke and
death rate of 3.0% (2.2e3.7%) in 2057 patients operated on
in 2007 through 2011 in Denmark.12 Surgeons tend to
report a lower stroke rate than neurologists.6 As we
discharge our patients shortly after CEA and perform the
neurological assessment ourselves, we may have under-
estimated the number of minor strokes.
The risk of stroke and death related to a recent symp-
tomatic carotid stenosis is well described in the large, but
older multicentre trials.5 As best medical therapy has
continued to improve, the comparative beneﬁts of CEA may
be less than when these trials were completed. The present
study does not attempt to assess the beneﬁt from CEA after
IVT. To do so, a randomised trial of patients having IVT plus
CEA versus IVT without CEA should be established e
addressing also the need for renewal of the knowledge
regarding these groups of patients in general.
An association between the rate of cervical bleeding and
the rate of (haemorrhagic) strokes cannot be excluded.
Baracchini et al. found a rate of 5% needing re-explora-
tion.17 The half-life of the thrombolytic agents in use for IVT
is very short (approximately 5 min). Increased risk of
bleeding in relation to the subsequent CEA is therefore not
likely to be seen, corroborated also by our data. Anti-
platelet therapy could potentially be associated with an
increased risk of postoperative cervical bleeding.19
However, the main concern regarding the risk of intracra-
nial haemorrhage is related to the arterial hypertension
postoperatively and the possibility of a hyper-perfusion
syndrome. Demirel et al. have shown that eversion CEA is
associated with a signiﬁcantly higher post-procedural blood
pressure than conventional endarterectomy.20 .It could be
argued that instead of postponing the CEA until the blood
pressure is stable, these patients should be offered early
conventional CEA. As, however, Demirel et al. did not
demonstrate any signiﬁcant difference in the perioperative
complication rate, we recommend that future studies on
the subject should be awaited. In our study, moderate
hypertension may have contributed to the developing ofone perioperative stroke and some patients required
a prolonged stay in order to achieve a stable, sufﬁciently
low blood pressure. However, most of our patients were
discharged on the ﬁrst postoperative day and hypertension
did not, in any patient, lead to severe complications after
discharge. We acknowledge that this retrospective case
series has some weaknesses, which limit the general
applicability. First the series was small; second the regional
organisation disconnected IVT and CEA; third we did not
have detailed information on anti-thrombotic medication;
and last post-CEA neurological examinations were per-
formed by vascular surgeons. Before accepting that CEA
after IVT is safe, other centres should collect data like this.
Further, collaborative, standardised data collection across
multiple sites could give a clearer indication of risks much
quicker.
In conclusion: IVT followed e within 2 weeks from ﬁrst
onset of the cerebral ischaemic attack e by CEA for a >50%
stenosis seems safe in this small, selected series. Before
being applied generally, other vascular centres should vali-
date their practice.CONFLICT OF INTEREST/FUNDING
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